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Background invertebrate herbivory on dwarf birch (Betula glandulosa-nana 1 complex) increases with temperature and precipitation across the tundra biome The role of invertebrate herbivores in tundra ecosystems has been understudied (Haukioja 1981) . Admittedly, the 96 proportion of herbivore taxa among invertebrates is lower in Arctic regions than at lower latitudes (Danks 1986 ), 97 and invertebrate herbivores generally occur at relatively low abundances in tundra (Haukioja 1981) . However, 98 outbreaks of invertebrate herbivores have been well documented in the forest-tundra ecotone (Jepsen et al. 2008;  99 Kaukonen et al. 2013) internally feeding herbivores as they provide safer shelter against pathogens and reduce levels of desiccation 154 (Carneiro et al. 2005) . We propose that the same distinction between external and internal feeders will drive 155 differences in the patterns of invertebrate herbivory in tundra. 
165
The objective of this study is to assess the intensity of background invertebrate herbivory and characterise its 166 relationships with latitude and climatic variables in tundra. To achieve this goal, we measured leaf damage by 167 tissue-feeding invertebrate herbivores on a common tundra plant with a circumpolar distribution, the dwarf birch 
187
Alaska to Newfoundland, as well as the southern part of Greenland (Feilberg 1984 
291
The vast majority of damage (98.6%) was caused by defoliators. Damage by internally feeding herbivores (leaf 10 miners and gallers) was found on relatively few leaves: 31 were mined by larvae of several moth species and only 293 24 bore galls (see Online Resource S6 for identification of mines and galls).
294
Total herbivory
295
Both the percentage of leaves with signs of invertebrate damage and the percentage of total leaf area damaged 296 were positively associated with July temperature and precipitation (Table 2a) 
312
The potential effects of increased precipitation followed similar trends, albeit a much weaker modelled effect than 
322
None of the covariates (birch taxa or collection date) included in the models for total herbivory were associated 323 with the percentage of leaves damaged at each location or with the percentage leaf area damaged ( 
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Externally feeding defoliators
327
The distribution of damage by free-living defoliators within a site, as measured with the percentage of leaves 328 damaged was associated with higher July temperature and precipitation (Table 2b) , but no latitudinal pattern was 329 apparent. When looking at foliar loss, the percentage of leaf area affected by defoliators was positively, albeit 330 weakly, related to July precipitation and temperature ( Table 2b) . None of the covariates explained variation in on 331 the percentage of leaves damaged by defoliators at each location or the percentage of leaf area damaged (Table   332 2b). On average, defoliators consumed 11.09 ± 1.26% of leaf area on damaged leaves (median = 8.56%), and this 333 value was not associated with latitude, temperature, precipitation, collection date or birch taxa (Table 2b) .
334
Internally feeding herbivores (leaf miners and gallers)
335
The mean percentage of leaves damaged by leaf miners at each location was 0.06 ± 0.02% and, when present, leaf 336 miners affected on average 11.77 ± 3.05% of leaf area. Galls were found on 0.08 ± 0.05% leaves per location, and 
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General patterns of herbivory in our study were dominated by external feeding herbivores, which caused over 98% 
372
The average damage per damaged leaf (12.1%) is comparable to previous studies (6.9%, Kozlov et al. 2015a).
373
These relatively low levels suggest that herbivores shift their feeding sites after even low levels of damage, possibly 374 as a result of decreases in leaf palatability in response to damage or as a strategy to avoid detection by natural 
390
Our models predicted that changes in invertebrate herbivory in response to temperature and precipitation will 391 differ along the range of climates sampled. It must be kept in mind that our approach represents a space-for-time 392 substitution, where we infer changes in herbivory from locations with different climatic variables. Despite its 393 limitations, this approach provides the best solution given the virtual lack of long-term trend data in patterns of 394 invertebrate herbivory in tundra over time. Given that climate models project warming of 6-10 degree C over the 395 next 100 years (IPCC 2013), the influence of temperatures on invertebrate background herbivory could be 396 important. According to the logarithmic relationship indicated by our models, increases in invertebrate herbivory 397 in locations with higher summer temperatures would be more pronounced than at locations with colder summers.
398
The effect of precipitation followed similar trends but was not as pronounced and did not differ as much between 
410
The percentage of leaves damaged on dwarf birch by invertebrate herbivores in each location varied between 0 411 and 49% (median value was 8.7%). This has direct implications for the design of sampling protocols for detecting 412 invertebrate damage. At least 33 leaves have to be collected to find a damaged one with a 95% probability, and 76 413 leaves to increase this probability to 99.9%. Consequently, for damage detection on dwarf birch we would 414 recommend that at least 100 leaves per sampling site are collected. This was the sample size that we 415 recommended in our collection protocols and we were able to detect invertebrate herbivory in 185 out of 187 416 sites. Larger sample sizes (~500 leaves) might be recommended to estimate leaf area losses to invertebrate 
